SUMMARY We investigated oxygen consumption (ml/kg/min) and hemodynamic response (peak heart rate-systolic blood pressure product) to individual exercise activities before and after exercise training in 22 male postmyocardial infarction patients (PMIP). Activities included swimming, walk/jogging, volleyball, calisthenics and exercise dance routines. Oxygen consumption was determined immediately after exercise by the Douglas bag gas collection procedure and, in selected patients, by a Max Planck respirometer during exercise. Hemodynamic data were obtained by pulse count and cuff sphygmomanometer. The increase in oxygen consumption and the decrease in rate-pressure product after each activity were significant (p . 0.01). There were no differences in oxygen consumption between the Max Planck respirometer technique and collection (Douglas bag method) immediately after exercise. The oxygen consumption obtained for PMIP compared with available cumulative data on normal subjects is significantly variable, suggesting the need for caution when prescribing exercise for the PMIP based on energy costs of standard exercise measurements in normals. This was particularly relevant because of the significantly high oxygen consumption incurred during swimming.
CURRENT INTEREST in exercise physiology and its application to both preventive and postcoronary rehabilitation has resulted in the use of exercise prescriptions during postcoronary management in order to designate individual levels of activity for patients in training. Several studies have reported activity-exercise protocols and it appears that the oxygen consumption of activities considered "low level" for the "normal" healthy subject may be significantly more physically demanding when performed by the postmyocardial infarction patients.'`6 Therefore, we quantitatively assessed the oxygen consumption and hemodynamic response of uncomplicated postmyocardial infarction patients during routine standardized exercise regimens used in outpatient cardiac rehabilitation.
Methods Twenty-two untrained, uncomplicated (no heart failure or refractory arrhythmias) postmyocardial infarction patients (mean age 51.3 years; mean weight 81.5 kg) were investigated. Patients had not eaten for at least 3 hours before testing, and had abstained from all physical work other than that required for their daily personal needs for 24 hours before testing. All patients were at least 12 weeks postinfarction. Initial baseline metabolic and hemodynamic data were obtained after the patient had rested in the supine position for 10 minutes. We determined resting oxygen consumption using the Douglas bag technique and standard equations.7 Immediately thereafter (within 5 seconds), with the patient still supine, we obtained blood pressure by cuff sphygmomanometer and the resting heart rate. After each calisthenic activity was demonstrated, the patients completed 15 repetitions of each of 13 calisthenics (table 1) . The 15 repetitions required a mean of 25.0 seconds for the untrained and 23.53 seconds for the trained subjects (table 2) . After the fifteenth repetition, we made an immediate "breath-by-breath" analysis (all expired air collected for a total of 15 seconds) using a Collins two-way J valve with resistance pressure drop across valve < 0.5 cm/50 1/min. The same activity was repeated on a separate day using the continuous Max Planck respirometer technique8 for a 5-minute collection during the activity ( fig. 1 ). We performed gas analyses using Beckman automatic gas analyzers (OM I I for oxygen and LB-2 for carbon dioxide at a constant flow rate of 3.5 ml X 100/min). Four pretrial calibrations were performed comparing total ventilation of expired air at ambient temperature pressure saturated (VEATPS) by the Douglas bag technique with total VE ATPS by the Max Planck respirometer technique. The variant was ± 1.4% over a ventilation range of 14-70 I/min. We performed standard reference calibrations before and after each measurement using known reference gases. Blood pressures and heart rates were obtained as previously described. Patients rested (supine) for 5-10 minutes after each of the 13 calisthenics activities to allow for a return to baseline i 2% before proceeding with the next calisthenics activity.
Patients walk/jogged (5-7 mph (mean 5.61 mph for 5 minutes), played volleyball (20-minute game) and swam (100 feet freestyle, mean time of 85 seconds in a pool heated to 30 ± 10 C) on separate days in the hospital gymnasium complex (table 2) . Exercise dance routines, (Pelican, Evil Ways and Nite Owl) were introduced later in the study; consequently, those data 140 Abbreviations: UT = untrained; T = trained; V02 = oxygen consumption; Mets = metabolic equivalents; DBP = diastolic blood pressure; SBP = systolic blood pressure; HR = heart rate; 02 pulse = milliliters of oxygen per heart beat; ALT = alterniating.
reflect trained subjects only. With the exception of swimming, resting and exercise oxygen consumption was obtained using the identical technique previously described for calisthenics. Swimming data were derived only by the Douglas bag technique described previously. We did not use the Max Planck respirometer technique to obtain oxygen consumption for the swimming for reasons of safety and technical impracticality.
At the end of 12 weeks (36 similar, medically supervised, 45-minute exercise sessions; average attendance 85%), the patients repeated the tests so that oxygen consumption and hemodynamic response could be reassessed after the exercise training period. A noncorrelated t test was used to determine significant differences between the trained and untrained performances as well as for the two methods of oxygen consumption data collection.
Results
The physiological data for the various activities are listed in detail in tables 1 and 3. There were no significant differences between the two methods of determining oxygen consumption (Max Planck vs Douglas bag technique; table 4). In all instances, oxygen consumption increased after the 12-week exercise training regimen. Oxygen consumption was highest for swimming 30.10 ml/kg/min for trained (T) vs 22.58 ml/kg/min untrained (UT); the oxygen pulse for swimming was 16 .64 ml/02 (T) vs 12.05 ml/02 (UT), and the rate-pressure product was 21000 (T) vs 25991 (UT). Walk/jogging (5-7 mph) required an oxygen consumption of 23.77 ml/kg/min (T) vs 15.83 ml/kg/min (UT); the oxygen pulse for walk/jog was 14.39 ml/02 (T) vs 8.8 ml/02 (UT), with a ratepressure product of 19834 (T) vs 21462 (UT). Exercise Oxygen consumption is expressed in ml/kg/min (mean SD).
tion at the cellular level. As this change occurred at submaximal work levels in these subjects, we feel that aerobic pathways of metabolism are being used more extensively, thus delaying the significant dominance of anerobic pathways that is characteristic of maximum work loads. In all instances, oxygen consumption varied considerably for the same calisthenics when performed by the same patients after the 12-week conditioning program. This was expected, for the individual effort during low-level calisthenics undoubtedly varies, regardless of exercise training effect. Patients were instructed to perform the activities at similar levels of intensity and skill, and by general assessment appeared to do so (table 2). The higher oxygen-pulse values in the trained subjects, along with the other hemodynamic responses (table 3) , support the view that exercise training effects are favorable when performing the activities.'0
The greater oxygen consumption and hemodynamic response attributed to swimming vs walk/jogging confirms that swimming can be an integral part of a cardiac conditioning program. However, because of the high energy demands it places on the cardiopulmonary system, swimming should be carefully prescribed and monitored in cardiac patients who do not swim routinely. Similar observations of training specificity have been noted comparing peak attained oxygen consumption and heart rates in patients performing leg vs arm ergometry.6 Few of our postinfarction patients preferred swimming to walk/jogging; consequently, training specificity may have influenced the higher oxygen values observed. Other studies have shown that compared with walk/jogging, swimming in either the prone or supine position can result in initial differences in heart rate, blood pressure and stroke volume that are further complicated by the effects of immersion." Immersion in warm water (35-37°C) causes an increased heart rate and subsequent increased and extensive vasodilation, while a decrease in heart rate has been associated with immersion in water of an average swimming pool (temperatures 27-32°C). Furthermore, the physiologic response to immersion in cold water (15-20°) has been shown to be a significant decrease in the partial pressure of carbon dioxide and ventricular irritability.'2 In view of marked dangers in respiratory and cardiovascular response after immersion in cold (15-20°C) or warm (35-37°C) water, careful observation of pool temperatures is necessary. We have found that a water temperature of 30 ± 1°C is satisfactory for postinfarction swimming.
Although few well-controlled studies on swimming have been undertaken with postcoronary subjects, the literature on the physiology of swimming in normal patients is extensive.13-' Although not comparable to data from our cardiac patients, current data in normals indicate that maximum oxygen consumption in swimming is approximately 15% lower than that in cycling, jogging and skiing (table 5) ; however, swimming velocity, stroke and speed were not reported. Our data are in contrast to reports'3 '-for normal subjects, as our subjects had a notably greater oxygen consumption for swimming than for walk/jogging. Of 22 subjects studied in the pool, 19 chose breaststroke, one sidestroke and two the crawl. Swimming speeds . 2 feet/sec may be considered vigorous, but not competitive.'6 Breaststroke at speeds < 2 feet/sec is generally considered less demanding and, therefore, more appropriate for the postcoronary patient. Using time as the criterion for estimating the speed of our swimmers for 100 feet (mean time 85.4 seconds or 1.17 feet/sec (UT) vs mean time 82.17 seconds or 1.22 feet/sec (T) ) swimming at these speeds was considered less strenuous and, therefore, acceptable as a conditioning exercise for the postcoronary patient, if carefully monitored.
The calisthenics data are generally in agreement with the classic work of Kennedy,9 which showed less oxygen consumption during calisthenics than during other activities.
The low oxygen consumption and hemodynamic response attributed to volleyball and certain "'lowlevel" calisthenics, in both normals and postinfarction patients, poses the question of including those activities in an outpatient exercise program. However, based on previous work5 supporting the thesis that 20-30 minutes of walk/jogging two to three times weekly can maintain a training effect in patients, we feel that higher work loads are not necessary for these latter activities, providing the walk/jog/swimming prescription is maintained. The calisthenics routine that we follow emphasizes stretching and flexibility, which may help reduce musculoskeletal complications of the walk/jog sequence. Most of the patients enjoy the camaraderie of volleyball, and we feel that this helps to maintain compliance (. 75% in our group) over a long-term period.
To vary our exercise training programs, we investigated exercise dancing. The patients appeared to enjoy exercise dancing, which requires a considerable degree of coordination. The oxygen demands of exercise dancing are not too severe for patients without heart failure or refractory arrhythmias. Exercise dancing was slightly less demanding than walk/jogging (table 3) .
Subjectively, all patients tended to prefer the Douglas bag breath analysis procedure rather than the tOxygen consumption variability when compared with normals may be due to differences in intensity of performance.
Abbreviations: UT = untrained; T = trained; Mets = metabolic equivalents.
Max Planck respirometer procedure because it did not cause discomfort. However, only six of 22 patients (27%) had minor complaints about the weight (8.5 lbs.) of the respirometer, and four of 22 (18%) said that it was more difficult to breathe while exercising with it. The Max Planck respirometer is an accurate, reliable and safe means of obtaining individual oxygen consumption measurements in actual gymnasium conditions. In addition, the Douglas bag collection for oxygen consumption is comparable to the Max Planck respirometer technique of collection during exercise (table 4) .
This study documents oxygen consumption by postinfarction patients during exercise in actual gymnasium conditions and confirms our belief in the variability in oxygen consumption and heart rate-blood pressure response to various activities in such training programs. In addition, the training effect (12 weeks) of increased oxygen consumption and lower heart rate-blood pressure product (T vs UT) is apparent in all activities. Our data further substantiate the probable beneficial effect of volleyball, calisthenics and, especially, walk/jogging, exercise dancing and swimming in increasing oxygen consumption and decreasing heart rate-systolic blood pressure product in postmyocardial infarction patients.
